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ABSTRACT 

During April 13 - June 19, 1992 a weir was operated at the outlet of Buskin 
Lake to estimate abundance, growth, length distribution, survival, age 
composition, and run timing of Dolly Varden Salvelinus malma. Of a total of 
74,451 Dolly Varden that emigrated through the weir, 7,202 were tagged and 284 
were recaptured from previous tagging efforts. A total of 3,422 Dolly Varden 
were counted emigrating through a weir on the stream running from Lake Louise 
to the Buskin River. The dominant age class in the 1992 emigration was age 5. 
Survival estimates from recaptures at the weir ranged from a low of 6.3% from 
1990 to 1991 to a high of 18.5% from 1989 to 1990. The Jolly-Seber estimate 
of survival from 1990 to 1991 was 29.3%. The Jolly-Seber abundance estimate 
for 1991 was 60,585 compared to the weir count of 30,725. American River 
estimates of abundance for both Jolly-Seber and Petersen methods for 1989 and 
1990 were not significantly different. 

KEY WORDS: Buskin Lake, American River, Dolly Varden, Salvelinus malma, 
abundance, growth, length, age composition, survival, Jolly-Seber, 
Petersen, overwintering. 
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INTRODUCTION 

The Buskin River (Figure l), near the city of Kodiak, is the most intensively 
fished river on Kodiak Island. In 1990, approximately 42% of the freshwater 
sport fishing effort on Kodiak Island occurred on the Buskin River (Mills 
1991). Angler effort on the Buskin River is directed toward Dolly Varden 
Salvelinus malma, coho salmon Onchorhynchus kisutch, sockeye salmon 0. nerka, 
and pink salmon 0. gorbuscha. The Dolly Varden sport harvest ranged from 
3,948 to 15,680 fish during the period 1977 through 1990 (Mills 1979-1991). 

Buskin Lake (Figure 2) was assumed to be the major overwintering area for 
Dolly Varden that spawn in tributaries throughout Chiniak Bay. This "super- 
population" of Dolly Varden was thought to overwinter in Buskin Lake and 
emigrate from Buskin River in the spring to feed in marine waters during the 
summer. Some individuals spawn in other streams before returning to the lake 
in the fall to overwinter (Sonnichsen 1990). This is consistent with the 
complex migratory patterns described by Armstrong (1965). 

Dolly Varden found in the Buskin Lake "super-population" contribute to sport 
fisheries throughout the Chiniak Bay area. Depletion of the Dolly Varden 
population in the Buskin River could result in a reduction in the number 
available for sport harvest in all of the Chiniak Bay streams. 

This is the seventh year of a long-term study of the Dolly Varden fishery in 
the Buskin River. This project has concentrated on developing a model of 
stock structure for this resource that includes abundance, survival, and 
growth. 

Specific objectives for the 1992 study were to: 

1. census the emigration of Dolly Varden 210 mm or longer (fork length) 
through the weir on the Buskin River from mid-April through mid-June. 

2. estimate size at which the weir pickets without Vexar stop Dolly Varden 
to compare 1990 to 1992 data with 1989 data. 

3. estimate abundance and survival of emigrating Dolly Varden 210 mm and 
over for 1990 and 1991 with the Jolly-Seber model using data from 1990 - 
1992. 

4. estimate length compositions of Dolly Varden during the entire spring 
emigrat:ion. 

5. census the emigration of Dolly Varden 210 mm or longer (fork length) 
through the weir on the stream leaving Lake Louise and entering the 
Buskin River from mid-April through mid-June. 

6. estimate length compositions of Dolly Varden during the emigration from 
Lake Louise. 

7. estimate age composition of Dolly Varden emigrating from Buskin Lake. 

8. develop a growth model from mark-recapture data. 
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Figure 2. The Chiniak Bay area, Kodiak Island, Alaska. 
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9. estimate survival from recaptures at the Buskin River weir. 

10. estimate abundance, survival, and recruitment for the American River 
spawning population from 1988 to 1990 with the Jolly-Seber model using 
data from 1988 to 1991. 

METHODS 

Dollv Varden Census 

Weirs were constructed at the outlet of Buskin Lake and on the stream leaving 
Lake Louise. 

Buskin River Weir: 

Dolly Varden emigration was assessed with an aluminum picket weir overlaid 
with 2.54 cm (1 inch) Vexar plastic mesh. A trap was incorporated into the 
weir to capture Dolly Varden. The weir was installed at the outlet of Buskin 
Lake on 13 April and continued until 19 June. We believe the initial portion 
of the emigration was not missed because the weir was installed prior to ice 
breakup on Buskin Lake. The trap did not retain Dolly Varden from 25 to 30 
May due to high water level. 

Dolly Varden were counted and measured for fork length. Approximately 10% of 
the Dolly Varden passing through the weir were tagged with numbered green Floy 
FD 68D anchor tags as were done from 1989 to 1991. Another 12% of the Dolly 
Varden were examined for the presence of a tag. A sample of at least 150 fish 
was sacrificed during each two week time period to collect otoliths for age 
composition analysis. 

Water temperatures and relative water levels were measured daily at the weir. 

Lake Louise Weir: 

A weir was installed on the stream that flows between Lake Louise and the 
Buskin River on 25 April. The weir consisted of a wood frame structure 
overlaid with 2.54 cm (1 inch) Vexar plastic mesh. A trap was incorporated 
into the center of the weir to capture and retain Dolly Varden. At least 125 
fish were measured for fork length each week. No tagging was performed at 
this site. All Dolly Varden measured were examined for the presence of a tag 
and fin clips. On a few occasions, this weir was vandalized. It was believed 
that no fish emigrated without being enumerated due to the vandalism. The 
Lake Louise weir was dismantled on 19 June. 

Biological Data 

Length Composition: 

Kolmogorov-Smirnov two-sample tests were used to test the null hypothesis that 
length distributions did not differ among weeks. 
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Prior to 1990, the Vexar mesh was not used on the weir, allowing smaller fish 
to pass through the pickets without being counted. A test was performed to 
estimate the size at which Dolly Varden could pass through the pickets without 
Vexar, so that weir data prior to 1990 could be evaluated. Approximately 100 
tagged Dolly Varden between 250-350 mm in length were placed in a sampling box 
below the weir for four weeks. The sampling box had Vexar on the upstream end 
and two sides. The downstream end of the box was constructed with an aluminum 
weir picket panel placed at the same angle as the weir. Fish remaining in the 
box after 48 hours were removed and tag numbers were recorded. 

A probit analysis was conducted to model the probability of fish of a length 
class that could not pass through the weir picket panels. Fish were tagged, 
measured, categorized into 10 mm length classes, and placed in the sample box. 
Nearly an equal number of fish of each class was used during the test. The 
following probit model (Agresti 1990) was used: 

7r(X) = @(a + /3x) (1) 

where: 

A - probability that a fish of length class x will not pass through 
the weir picket panels, 

@ = standard normal cumulative distribution function, 

a, B = parameters of the model, and 

x- length class. 

A goodness of fit test was conducted to test the null hypothesis that the 
expected probability of fish of length X retained by the weir.panels satisfies 
the model. Rejecting the null hypothesis indicates the model does not 
adequately fit the data. 

Anderson-Darling k-sample tests were used to determine significant differences 
between weekly length distributions at the Lake Louise weir. 

Age Composition: 

Sagittal otoliths were collected from random samples of emigrating Dolly 
Varden. Otoliths were stored dry, then soaked in a 50% glycerine and 50% 
water solution for about 24 hours. The otolith was placed on a black 
background and viewed with reflected light through a binocular microscope 
(10X). Age was determined by counting the number of hyaline zones on the 
otolith (Nordeng 1961). The age composition of Dolly Varden was estimated by: 

A "h 
Ph = -9 

"t 

(2) 
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(3) 

and it's variance was estimated as: 

where: 

A A 
A Ph(l - ?'h) 

v[Phl = 
("t - 1) ' 

nh = number of otoliths of age h, and 

nt= total number of otoliths read. 

Kolmogorov-Smirnov two-sample tests were used to determine significant 
differences between the lengths of the age sample and the length sample from 
the weir by three 2-week time periods. If the length distributions were the 
same between samples, the age composition was directly applied to weir length 
samples. Since the distributions differed in the second and third 2-week 
periods, the total age composition was weighted using the weir length 
compositions. The weighting procedure involved multiplying the value 
estimated in equation (2) (by each length category (10 mm groups) by age) with 
the actual number in each length category measured from the weir length 
sample. These values were summed across length categories. Age composition 
frequencies were calculated as in equation (2) and then pooled by 2-week 
periods for the total weighted age composition. 

Anderson-Darling k-sample tests were used to test the null hypothesis that the 
length distributions did not differ between the two sexes of-Dolly Varden. 

Growth Model: 

Non-linear least squares estimation procedures were done for all four cases of 
the Schnute size-age growth model (Schnute 1981, Baker et al. 1991) using 
mark-recapture data collected each spring from 1989 to 1992. I also added a 
case five representing the von Bertalanffy model: 

Y, = [Ymbexp[-a(t,-t,)]+ 
ylb-y2bexp[-a(T2-T1)j 

(l-eXp[-a(tr-tm>] )]1'a, (4) 
1-exp[-a(T2-Tl)] 

where: 

yr = size at recapture (input from data), 

ym = size at marking (input from data), 

t,-t, = time (in years) between recapture and marking (input, 
from data), 

Yl = length of smallest fish found in mark-recapture sample 
(set at 198 mm), 

Y2 zz length of largest fish in population (parameter to ' 
be estimated), 
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Tl age at marking (determined from random age-length 
sample from 1989 to 1992 emigration, set at four), 

T2 = age at recapture (same as Tl, set at 12), 

a = Brody growth parameter, determining the shape of the 
growth curve (parameter to be estimated), 

b relative location of the inflection point (in this case, 
set at one). 

The most parsimonious model for each year was chosen using a general linear 
model F-test (Baker et al. 1991): 

RSSy - RSS, A 
F = / cQ2 (5) 

dfY - df, 

where: 

RSSy = residual sum of square of case y. 

RSS, - residual sum of square of case x. 

df = degrees of freedom of the respective cases, and 

residual mean square error of case x 

= (RSS,/df,). 

The null hypothesis that both cases adequately fit the data was rejected at a 
- 0.05 if the F value was greater than the Fa(dfy-df,, df,). If more than one 
case was accepted and had the same number of parameters, the case with the 
lowest RSS was chosen. 

Stock Structure 

Jolly-Seber Estimation: 

In addition to the weir counts, abundance and survival were estimated with a 
Jolly-Seber model (Jolly 1965, Seber 1965) using mark-recapture data collected 
at the weir. The Jolly-Seber model provided estimates of abundance for 1991 
and survival for 1990. Jolly-Seber methods were also used on the American 
River spawning population data collected from 1988 to 1991. Estimates for the 
American River were for: 1988 and 1989 (survival), 1989 and 1990 (abundance), 
and 1989 (recruitment). 

The following assumptions must be met to achieve unbiased estimates from this 
open population model (Seber 1982): 

1. mariced fish have the same probability of being caught in the ith 
sample as unmarked fish. 
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2. marked fish have the same probability of survival as uumarkr~tl f‘isll. 

3. marked fish do not lose their marks. 

4. all samples are instantaneous. 

5. all marks are recognized and reported on recovery. 

The computer program JOLLY (Pollock et al. 1990) estimated abundance, 
recruitment and survival (Seber, 1982: 196-205). The capture histories for 
both data sets used in this program are given in Table 1. 

To test the assumption that marked fish do not lose their marks, the fish that 
were tagged were also examined for adipose and left ventral fin clips. Dolly 
Varden were tagged and adipose fin clipped during the spring and fall sampling 
events in 1989 (Sonnichsen 1990). No fin clips were used in 1990. A left 
ventral fin clip was used on fish tagged during the 1991 spring emigration 
(Whalen 1992). Tag loss was estimated by: 

A "li 
Pli =-1 

n1 
(6) 

where: 

nli = number of fish recaptured in 1992 that were missing a tag and fin 
clipped in year i, and 

"1 = total number of fish recaptured in 1992 that were marked in year i. 

Variance of the tag loss point estimate is approximated using the following 
equation: 

A A 
Ah pli(l-Pli) 
V[Plil = (7) 

nl-I 

To distinguish naturally missing or disfigured adipose fins in fish with no 
tag and no adipose fin from fin clipped (hence tag loss) fish, I used the 
growth model described above to calculate what size the smallest fish tagged 
in 1989 would be during the 1992 season. I then removed all fish smaller than 
that size and used the remaining fish to estimate tag loss. 

Survival Estimation: 

In addition to the Jolly-Seber survival estimates, I estimated survival rates 
for the Buskin River and American River using recapture data one year after 
marking. The procedure involved using the proportion examined for marks from 
the weir operation the following year: 
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Table 1. Capture history for emigrating Buskin River Dolly Varden for 
1990 to 1992 for the JOLLY computer program. Captured in 
the event - 1, not captured in the event = 0. 

Frequency 

0 0 1 7,307 
0 1 0 4,640 
0 1 1 102 
1 0 0 8,172 
1 0 1 49 
1 1 0 196 
1 1 1 4 

Total 20,470 
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A mi+l 
Si * 

Mi #i+l 

where: 
A 

si = survival from the ith year to the (ith + 1) year, 

Mi = number of fish marked and released in the ith year, 

mi+l = recaptures found in (ith + 1) year marked in the ith 
year, 

$i+l = proportion examined for marks in the (ith + 1) year, 

"i+l = number of fish examined for marks in the (ith + 1) year, 

Ni+l = weir count in the (ith + 1) year. 

Variance of survival was estimated as: 

where: 

pm 

V[ti] = (6i+l)-* 
Pm(l-Pm) 

Mi - 1 

= proportion marked in examined sample = mi+l/Mi 

(8) 

(9) 

(10) 

RESULTS 

Dolly Varden Census: 

A total of 74,451 Dolly Varden emigrated through the Buskin River weir 
(Appendix Al) in 1992. Appendix A2 lists weir counts at the Buskin River weir 
for 1985-92. Peak weir counts coincided with increasing water level and a 
water temperature of 6O C. Water level remained low f-or an extended period of 
time due to a lack of rainstorm events followed by a storm on 25 May. The 
storm increased water levels and Dolly Varden holding in front of the weir 
moved downstream (Figure 3). A total of 33,128 (44.5% of the emigration) fish 
passed through the weir in the six days following the storm. These fish could 
not be measured, tagged or examined for tags, so a length distribution or a 
recapture percentage were not available for this portion of the population. 

Data collected from the weir picket test did not allow for modeling the 
probability of fish of a given length class passing through the weir pickets. 
Because a number of fish of the larger length classes swam through the weir 
pickets in the sample box, there were no data to fit the upper end of the 
distribution. Dividing the data into diffe.rent 10 mm length classes affected 
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whether the model did not fit (F'gure 4A; goodness of fit G* 
5 

= 19.74, 8 df, P 
= 0.01) or did fit (Figure 4B; G - 8.11, 7 df, P = 0.32) the data. The mean 
length at which Dolly Varden were too large to pass through the weir pickets 
was 329 mm. The variability in these data does not allow for a clean method 
by which to make data collected with Vexar mesh (1990 to 1992) comparable to 
data collected without Vexar mesh (1984 to 1989). 

The Lake Louise weir count totalled 3,422 Dolly Varden and 161 rainbow trout 
(Appendix A3). 

Biological Data 

Length Composition: 

The proportion of Dolly Varden < 300 mm increased over the first four weeks of 
the emigration (Figure 5). Trends during the last four weeks of the 
emigration were not as distinct, but appeared to go back to larger fish 
(Figure 6). Kolmogorov-Smirnov tests found significant differences in length 
distribution among all paired combinations of weeks (Table 2). Cumulative 
length distribution frequencies agreed with the above conclusions, though a 
number of the weeks did not show differences between 240 and 330 mm (Figure 
7). A weighted overall length frequency was calculated using the weir counts 
and number of fish measured in each length category (Figure 8). Length at 
full recruitment to the weir appeared to be the same as in 1990 and 1991: 210 
mm. A visual comparison of weighted length frequencies among 1990, 1991 and 
1992 showed a higher portion of recruit size fish in 1992 (Figure 9). 

The weighted length composition of Dolly Varden sampled at Lake Louise 
indicated these fish were smaller than those at the Buskin River (Figure 10). 
The cumulative length distributions of fish > 200 mm (Figure 11) were 
significantly different (Dfi~r = 0.1434, P = 0.0001) between the two systems. 

Average size of Dolly Varden from Lake Louise (270 mm) was closer to the 
average size of fish from the Buskin River weir (284 mm) than in 1991. 
Average size of fish from Lake Louise and Buskin River in 1991 was 284 and 322 
mm , respectively. Weighted length distributions of fish leaving Lake Louise 
were similar during 1991 and 1992 except that in 1992 there were fewer larger 
(> 330 mm) fish (Figure 12). As with the Buskin River, larger fish tended to 
emigrate from Lake Louise earlier than smaller fish. The length distribution 
shifted toward smaller fish over time, but a pulse of larger fish left the 
lake during the fourth week (Figure 13). Length compositions were not 
significantly different between weeks one and four and among weeks two, three 
and five (Table 3). 

Tag Returns: 

During 1984-92, a total of 60,367 Dolly Varden were tagged from the Chiniak 
Bay, Ugak Bay and Afognak Island areas combined (Table 4). Between 29 April 
and 19 June 1992, 7,202 Dolly Varden were tagged. A total of 15,928 Dolly 
Varden were examined for tags. Generally, fish were tagged in proportion to 
abundance (Figure 14) and in relation to length distribution. Recaptures 
totalled 284 fish. Thirty-seven percent (106 fish) of the recaptures were 
from 1991 spring Buskin Lake tagging (Table 5). Survival rates estimated from 
recapture rates varied considerably among years (Table 6). 
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Table 2. Results of Kolmogorov-Smirnov tests on length distributions 
for Buskin River Dolly Varden emigration, spring 1992. 

Comparison Weeka 

2 3 4 5 6 7 a 
Week # n n = 1002 n = 2173 n = 2522 n = 1155 n = 426 n = 170 n = 218 

121 

1002 

2173 

2522 

1155 

426 

170 

MAX 
P 

WAX 
P 

WAX 
P 

WAX 
P 

DMAX 
P 

hIAX 
P 

@IAX 
P 

0.0542 0.0046 0.0117 

<0.0001 <0.0001 <0.0001 

0.0005 0.0008 
<o.oooo <0.0001 

0.0666 

0.0001 

0.0449 

<0.0001 

0.0022 

<0.0001 

0.0961 
c0.0001 

0.0555 
<0.0001 

0.0303 0.0964 

co.ooo1 <0.0001 

0.0094 0.0458 

<0.0001 0.0001 

0.0921 0.2036 

0.0004 <0.0001 

0.0432 0.1568 
0.0033 0.0007 

0.1033 0.1329 
0.0024 0.0097 

0.1229 

0.0447 

0.2449 
0.0001 

0.2087 
<0.0001 

0.3247 

<0.0001 

0.2822 
<0.0001 

0.2751 
<0.0001 

0.2586 

~0.0001 

0.1924 
0.0013 

a Weeks significantly different if P < 0.05. 
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Figure 7. Cumulative length frequencies for emigrating Buskin River Dolly Varden, spring 1992. 















Ta .ble 3 .  Results of the K-sample Anderson-Darling tests showing differences 
in the length distributions for Lake Louise Dolly Varden 
emigration, spring 1 9 9 2 .  

Comparison Week j/ 

2 3 4 5 
Week {I n n = 233  n = 1 6 5  n = 1 7 9  n = 1 5 1  

2 

3 

4 

2 3 3 

16s 

1 7 9  

2 3 . 7 7 9  1 6 . 1 4 7  1 . 9 5 9  
0 . 5 7 4  0 . 5 7 3  0 . 5 7 3  

30 .174"  2 0 .  0 4 2 a  1 . 2 6 1  

0 . 9 4 4  1 6 . 8 9 0  
0 . 5 7 4  0 . 5 7 4  

- 0 . 0 6 4  21 .024"  

1 0 . 4 9 4  
0 . 5 7 3  

1 2 . 5 3 4 "  

2 2 . 6 8 7  
0 . 5 7 3  

2 8 .  8 2 2 a  

0 . 7 6 2  
0 . 5 7 4  

- 0 . 3 3 0  

1 . 5 0 0  
0 . 5 7 3  
0 . 7 1 0  

1 5 . 2 2 0  
0 . 5 7 3  

1 8 . 8 8 0 "  

a significant difference at a = 0 . 0 5 .  
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Table 4 .  Tagging summary, Kodiak Dolly Varden 1984 - June 1 9 9 2 .  

T a8 T a.5 Number 

Year S i t e  Dates Color Numbers Tagged 

1984 Buskin River  

1985 Buskin River  

1986 Buskin River  

Buskin River  

Sa lan ie  Creek 

American River  

Olds River  

Roslyn River  

Pasagshak River  

Afognak R ive r  

1987 Buskin River  

Buskin River  

American River  

Olds River  

Pasagshak River  

S a l t e r y  Creek 

Afognak River  
1988 Buskin River  

American River  

Olds River  

1989 Buskin River  
Buskin R i v e r  

American River  

Olds River  

17 May-17 Jun 

27 Apr-17 Jun 

24 Apr-16 May 

29-30 Oct 

14 AUK 

14 Sept 

7-12 Aug 

5-6 Aug 

13 Aug 

15 & 19 Aug 

11-12 Sept 
4-5 Sept 

20-30 May 

26-27 Aug 

20 & 22 Aug 

11-12 Aug 

24-25 Aug 

14-15 May 

4-5 Sept 

20-25 Oct 

18-22 Oct 

26-31 Oct 

3 May-1 Jun 
oc t 

Oct 

oc t 

Yellow 

Yellow 

Green 

Pink 

Red 

Orange 

Orange 

Orange 

Orall80 

Orange 

White 

White 
Blue 

Blue 

Yellow 

Orange 

Pink 

Pink 

Orange 

Orange 

White 

Green 

Blue 

Red 

Pink 

Green 

Pink w/ 
Black 

Green 

Green 
Green 

Green 

Green 
Green 

Green 

Green 

Green 

Green 

Green 

Green 

1 - 474 
475 - 1800 
651 - 743 
2001 - 6000 
1 - 575 
2501 - 2550 
2051 - 2097 
1403 - 1962 
1 - 1402 
2001 - 2030 
1 - 1000 
18235 - 19993a 
1 - 1000 
20325 - 20803 
1801 - 4000 
1963 - 3000a 

4001 - 5000 
6001 - 7000 
4501 - 6000 
3001 - 4500 
1001 - 2000 
3001 - 5000 
1001 - 2000 
1001 - 2000 
7001 - 8000 
124001 - 125000 
5001 - 6000' 

125001 - 125267 
125268 - 129308a 
155737 - 156500 
156550 - 157000 
157347 - 157999 
162457 - 164280a 
164801 - 165375 
165501 - 16572Sa 
157001 - 157346 
162001 - 162456 
155001 - 155736 
156501 - 156550 

472 
1318 

3986 

461 

97 

560 
1402 

30 
1596 

1476 

4051 

1000 
1500 

1498 

1000 

2000 
1000 

2998 

650 

267 

4012 
4433 

80 1 

784 

- continued - 
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Table 4 .  (Page 2 of 2 ) .  

Tag Tag Number 
Year Site Dates Color Numbers Tagged 

1990 Buskin Lake 30 Apr-14 Jun 

American River 6 Oct-8 Oct 

O l d s  River 7 Oct 

Buskin Lake-NW 9 Oct-11 Oct 
Buskin Lake-Out 9 Oct 
Buskin River 9 Oct 
Pillar Creek 10 Oct 

1991 Buskin Lake 26 Apr-16 Jun 

Olds  River 7 O c t - 1 2  Oct 

American River 

Buskin Lake 

1992 Buskin Lake 

9 Oct-11 Oct 

10 Oct-13 Oct 

29 Apr-19 Jun 

Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 
Green 

190001 - 195000 
211001 - 213499 
213500 - 214045 
214610 - 214821 
214046 

214601 - 214609 
215085 - 215731 
214826 - 215084 
214047 - 214125 
214126 - 214268 
216000 - 217000 
218001 - 220000 
250001 - 251501 
255001 - 255589 
255601 - 255767 
256001 - 256186 
256965 - 257000 
255590 - 255599 
256201 - 256467 
256630 - 256964 
255768 - 255891 
256468 - 256629 
252001 - 255000 
368001 - 371000 
372001 - 373216 

7492 

546 

212 

1 
9 

646 

259 
79 

143 
4500 

589 
167 

187 
36 
10 

267 
334 
124 

162 

7212 

Total Tagged 60,367 

a Miss ing  blocks of tags i n  this sequence. 
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Table 6. Dolly Varden survival rates calculated from recaptures found at the 
Buskin River weir, 1989 to 1992. 

Survival Estimate Standard Error 

1989 t o  1990 

1990 t o  1 9 9 1  

1 9 9 1  t o  1992 

0.1846 

0.0629 

0.0996 

0.0125 

0.0044 

0.0096 

- 3 0 -  



Age Composition: 

Age classes 3 through 9 were present in the 1992 Dolly Varden emigration 
sample (Table 7). The weighted age sample was dominated by age 5 (34.3%, SE = 

0.55) and age 6 (31.4%, SE = 0.54). The mean length for age 5 Dolly Varden 
was 245 mm (SE = 2.46) and for age 6 was 283 mm (SE = 3.30) (Table 8). The 
Kolmogorov-Smirnov test showed a significant difference between the length 
distributions from the age sample and the length sample at the weir for the 
second and third 2-week time periods, but not the first period (Time period 1: 
D w  = 0.0636, P = 0.5891; Time period 2: D w  - 0.2254, P = 0.0001; Time 
period 3 :  D f i ~ ( .  = .2930, P = 0.0001). Anderson-Darling tests found no 
significant difference betw en the length distributions of the two sexes (Tarn 
= -0.888, A 2 = 0.3275, 0’ = 0.5738). 

Growth Model 

For 1989 to 1990 and 1990 to 1991, the case five (von Bertalanffy) model was 
the most parsimonious model fitting the data, while case three was selected 
for 1991 to 1992 (Table 9). I wanted to use the same procedure to model 
growth for all three years, and because results of the von Bertalanffy model 
were similar to the case three model (i.e. similar F-value and RSS) for 1991 
to 1992, I used the von Bertalanffy model for all three years. The Schnute 
mark-recapture version of the von Bertalanffy model estimated parameters y2 
and a (Table 1 0 ) .  These estimates were then used in equation (4) to model 
growth during each year (Figure 15). 

Stock Structure 

During the 1992 spring emigration, 21% of the Dolly Varden passing through the 
weir were examined for missing fins. Seven fish were discovered with no tag 
and no adipose fin. Of these seven fish, four were deleted because they were 
< 304 mm, the length the growth models predicted that a 151 mm fish (smallest 
tagged fish in the fall of 1989) would be in 1992. A total of 15 recaptures 
from the 1989 season were found in the 1992 sample. Therefore maximum tag 
l o s s  for the 1989 adipose clipped fish was estimated at 20% (SE = 0.01). This 
estimate was larger than the 1991 tag l o s s  estimate for adipose clipped fish 
at 9.9% (SE = 0.05) (Whalen 1992). Of fish marked in 1991 and recaptured in 
1992, only one of 55 fish examined with a left ventral fin clip was missing 
the tag, resulting in a 1.82% (SE = 0.15) tag loss estimate. 

The Jolly-Seber estimate of Dolly Varden emigrating from the Buskin River in 
1991 was considerably higher than the weir count. The weir count in 1991 was 
30,725 and the Jolly-Seber estimate was 60,585 (SE = 10,354). The weir count 
did not fall within the 95% confidence intervals of 40,291 to 80,879. The 
Jolly-Seber estimate of  survival 29.26% (SE = 4.63%) was significantly higher 
than the estimated survival from recaptures of 6.29% (SE = 0.44). The 95% 
confidence intervals for the two estimates of survival did not overlap. 

The Jolly-Seber estimate of  abundance was 3,790 (SE = 1,267) for the American 
River in 1989 (Table 11). A Petersen estimate for 1989 of 4,125 (SE = 805.22) 
(Sonnichsen 1990) was within the 95% confidence intervals (1,308 to 6,273) of 
the Jolly-Seber estimate. The 1990 Jolly-Seber estimate was 12,423 (SE = 

4,574). The Petersen estimate for 1990 of 3,947 (SE - 540) (Whalen 1991) was 
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Table 7. Age distribution of Dolly Varden sampled at the Buskin Lake weir 
during emigration, spring 1992. 

Age 

Age Not 

Avai 1 able 3 4 5 6 7 8 9 T o t a l  

Females 
Sample Size 3 

X of sexed sample 0.8 
SE 0.46 

Males 

Sample Size 
X of sexed sample 
SE 

Sex Not Recorded 

Sample Size 1 

All 
Sample Size 

X of sample 
SE 

Weighted Alla 
Sample Size 

X of sample 
SE 

4 

0.8 

0.42 

4 

1.1 
0.53 

1 
0.3 

0.27 

5 

1.0 

0.46 

34 

0.6 

0.09 

37 

9.9 
1.55 

37 
9.9 

1.55 

5 

79 
16.5 

1.69 

697 

11.4 
0.37 

105 

28.1 

2.33 

61 

16.3 
1.91 

25 

191 
39.8 

2.24 

2608 
34.3 
0.55 

42 

11.2 

1.63 

47 
12.6 
1.72 

37 

126 
26.3 

2.01 

2588 
31.4 

0.54 

16 5 

4.3 1.3 

1.05 0.59 

12 2 
3.2 0.5 

0.91 0.38 

30 7 

58 14 

12.1 2.9 

1.49 0.77 

1183 234 

17.8 3.9 
0.44 0.23 

212 

56.7 

2.57 

2 162 
0.5 43.3 

0.38 2.57 

1 106 

3 480 

0.6 100.0 

0.36 

52 7396 

0.7 100.0 

0.10 

~ 

a Weighted by total weir length distribution. 
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Table 8. Mean fork length (nun) at age of Dolly Varden sampled at the Buskin 
Lake weir during the emigration, spring 1992. 

Age Not 
Available 3 4 5 6 7 8 9 Total 

Females 
Average Length 219 184 196 240 279 322 361 

SE 8.67 17.13 4.93 2.83 5.90 5.65 11.87 

Sample Size 3 4 37 105 42 16 5 

Minimum 204 145 142 191 218 285 330 

Maximum 234 228 261 326 362 372 397 

Males 

Average Length 

SE 
Sample Size 

Minimum 
Maximum 

Sex Not Recorded 
Average Length 
SE 
Sample Size 
Minimum 

Maximum 

285 

1 
285 

285 

248 . 

3.38 

212 

142 
397 

163 199 234 272 349 400 386 249 

4.46 2.88 4.97 10.39 19.50' 33.50 4.24 

1 37 61 47 12 2 2 162 

163 155 196 207 295 381 353 155 

163 24 9 290 344 426 420 420 426 

240 295 301 340 360 383 3 13 
12.14 7.73 5.42 6.24 7.76 4.23 

5 23 36 30 7 1 103 

216 196 217 257 320 383 196 

285 373 350 406 381 383 406 

ALL 
Average Length 236 179 200 245 283 337 366 385 262 

SE 17.52 13.89 3.38 2.46 3.30 4.30 6.96 19.38 2.57 
Sample Size 4 5 79 189 125 58 14 3 477 
Minimum 204 145 142 191 207 257 320 353 142 
Maximum 285 228 285 373 362 426 420 420 426 
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Table 9 .  F-test results for comparison of growth models on Buskin River 
Dolly Varden for mark-recapture data from 1 9 8 9  to 1 9 9 2 .  

Data Sets 

1 9 8 9  to 1 9 9 0  1 9 9 0  to 1 9 9 1  1 9 9 1  to 1992 

Comp ar i sons a 

Case Ib= Case 2 
Case 1 = Case 3 
Case 1 = Case 5 

4 . 5 1  
1 . 3 0  
0 . 4 9  

1 . 8 6  
3 . 2 6  
0 . 0 0  

3 . 5 8  
0 . 4 5  
0 . 6 9  

Fc r i t ical 3 . 8 8  3 . 8 9  3 . 9 4  

RSS ( 3  parameter models): 
Case 2 1 0 4 , 8 3 8 . 9  7 2 , 1 4 4 . 9  3 3 , 2 8 8  . O  
Case 3 1 0 3 , 3 5 2 . 6  7 2 , 6 5 5 . 6  3 2 , 2 9 8 . 7  
Case 5 1 0 2 , 9 8 1 . 4  7 1 , 4 6 9 . 4  3 2 , 3 7 7 . 2  

a Case 4 would not run since one parameter had to be set, leaving only one 
parameter left for this model. 

b Schnute's growth submodels (Baker et al. 1991): 
Case 1 is the general 4 parameter growth model. 
Case 2 is a 3 parameter Gornpertz growth model. 
Case 3 is a general 3 parameter growth model in which linear and quadratic 

Case 4 is a 2 parameter tth power growth model 
Case 5 is a 3 parameter von Bertalanffy model. 

models are special cases. 
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Table 10 .  Parameter es t imates  f o r  s e l ec t ed  growth models f o r  Buskin 
River Do l ly  Varden, 1989 t o  1992 .  

Se lec ted  Model and Year 

1989 t o  1990 1990  t o  1 9 9 1  1 9 9 1  t o  1992 

Parame t e r a  Case 5 Case 5 Case 3b Case sc 

YZ Estimate 530.50  5 2 2 . 5 1  522 .94  491 .58  
SE 9 . 9 9  1 2 . 0 0  1 3 . 2 0  1 3 . 0 0  

a E s  t imate 0 .1999  
SE 0 .0259  

b Estimate 
SE 

0 . 2 2 7 6  
0 . 0 2 7 1  

0 .2107  
0 . 0 3 5 2  

2 .4951  
0 .2660  

a yz = the  l a r g e s t  f i s h  i n  the  populat ion.  
a = the  Brody growth parameter. 
b = the  loca t ion  of i n f l e c t i o n  po in t .  

b Case 3 was the  mos t  parsimonious model. 
c Case 5 w a s  chosen a s  explained i n  t e x t .  

-35 -  



-9E- 

I I I I I 1 I 1 I I I l 

a 
-0OC g 
- 002 3 

- OOP 2 
- -00s ; 

-. 

Q 

- OOE K 3 

066C 01 6861. n 

U 

.009 

(smfq a& 
ZCCCOC68L9GPEZCO I I I I I I I I I I I I I 

- 

- 

Z66C (4 C66C - 

ZCCCOC6 8 L 9 G P E 2 C 0 I I I I I I I I I 1 I I I 

C66C 01 066C 

0 

c 

OOE b -..I 
-I 

OOP % n 

005 2 3 W 

009 

a 

6. 
-002 $ 

n 

0 

-0OC g 

-0OE K ZJ 

-0OP % n 



Table 11. Results of the Jolly-Seber run made on Dolly Varden mark- 
recapture data from the American River, 1 9 8 8  to 1 9 9 2 .  

Year 

Parame t e 1: 1 9 8 8  1 9 8 9  1 9 9 0  

Abundance Estimate 
SE 

3 , 7 9 0  1 2 , 4 2 4  
1 , 2 6 7  4 , 5 7 4  

Survival Estimate 0 . 2 4 8 1  0 . 5 7 7 7  
SE 0 . 0 7 7 8  0 . 1 9 7 6  

Recruitment Estimate 
SE 

1 0 , 2 3 4  
3 , 9 6 3  
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a l s o  w i t h i n  t h e  95% c o n f i d e n c e  i n t e r v a l s  ( 3 , 4 5 8  t o  2 1 , 3 8 9 )  o f  t h e  J o l l y - S e b e r  
es t imate .  

DISCUSSION 

The 1992 s p r i n g  Buskin  River e m i g r a t i o n  increased b y  o v e r  40% from t h e  1 9 9 1  
s e a s o n .  T h i s  increase is mainly due t o  a larger  recruit c lass .  T h i s  was 
e v i d e n c e d  by weighted length d i s t r i b u t i o n  c o m p a r i s o n s .  These compar isons  o f  
l e n g t h  d i s t r i b u t i o n  are  q u e s t i o n a b l e  because o f  the high percentage ( 9 4 . 5 % )  o f  
D o l l y  Varden t h a t  were n o t  measured o n  25 May 1992 due t o  h igh  water .  

Temporal l e n g t h  c o m p o s i t i o n  changes  were s imilar  t o  1990 and 1991 i n  t h a t  t h e  
l a r g e  f i s h  emigra ted  f i r s t  and then smaller f i s h  became p r o g r e s s i v e l y  more 
a b u n d a n t .  T h i s  y e a r ,  however ,  t h e  l a r g e  f i s h  were p r e s e n t  t h r o u g h o u t  t h e  r u n  
c a u s i n g  t h e  l e n g t h  d i s t r i b u t i o n s  l a t e r  i n  t h e  run t o  f l a t t e n  o u t .  

The e m i g r a t i o n  from Lake Louise  dropped t h i s  y e a r  f rom 1 9 9 1  by o v e r  2 5 % .  I t  
is  p o s s i b l e  t h a t  a p o r t i o n  o f  t h e  Lake L o u i s e  o v e r w i n t e r i n g  p o p u l a t i o n  had 
moved t o  B u s k i n  Lake ,  e s p e c i a l l y  s i n c e  t h e  Buskin  Lake e m i g r a t i o n  i n c r e a s e d  
t h i s  y e a r .  Lake L o u i s e  Dolly Varden e x h i b i t e d  s imi la r  tempora l  l e n g t h  
c o m p o s i t i o n  c h a n g e s  as Buskin Lake w i t h  a p u l s e  o f  l a r g e  f i s h  n e a r  t h e  end o f  
t h e  e m i g r a t i o n .  The n a r r o w e r  l e n g t h  i n t e r v a l  o f  f i s h  a t  t h a t  t i m e  c o u l d  b e  
due t o  t h e  smaller  sample  s i z e  a t  Lake Louise  v e r s u s  B u s k i n  Lake.  I n  g e n e r a l .  
D o l l y  Varden from Lake Louise  were s m a l l e r  t h a n  Buskin  Lake,  b u t  t h e  
d i f f e r e n c e  be tween t h e  two w a s  smaller i n  1992 t h a n  i n  1 9 9 1 .  

The dominant  a g e  g r o u p s  from the e m i g r a t i o n  sample  were age  5 and 6 .  From 
m a t u r i t y  s a m p l e s  t a k e n  i n  1990 and 1 9 9 1 ,  a g e  5 a n d  6 f i s h  were p r e d o m i n a n t l y  
f i s h  p r e p a r i n g  t o  spawn t h e  n e x t  y e a r  (Whalen 1 9 9 2 ) .  T h i s  i s  f u r t h e r  e v i d e n c e  
f o r  a h i g h e r  number o f  r e c r u i t  age f i s h  t h i s  y e a r  compared t o  p r e v i o u s  years .  

T l i e  t a g  l o s s  e s t i m a t e  f o r  a d i p o s e  c l i p p e d  f i s h  w a s  h i g h e r  t h a n  t h e  199L 
rq;tlimatc a s  e x p e c t e d  b e c a u s e  t h e  t a g  l o s s  e s t i m a t e  s p a n n e d  t h r e e  y e a r s  ins:ead 
O E  cwo as i n  1991 S e v e r a l  recommendations c o n c e r n i n g  c l i p p i n g  a d i p o s e  f i n s  
l o r  ;1 t a g  l o s s  s t u d y  have s u r f a c e d .  F i r s t ,  a comprehens ive  b a s e l i n e  e s t i m a t e  
~ , t '  n a c u r a l l y  m i s s i n g  adipose f i n s  f o r  t h e  p o p u l a t i o n  i n  q u e s t i o n  must b e  
i c i l u i r s d  € o r  a l l  s i z e  g r o u p s .  Second,  g r e a t  c a r e  must be gi.Jen t o  t h e  
c l i p p i n g  p r o c e d u r e  and  i n  t h e  observaEion  o f  c l i p s  i n  s u b s e q u e n t  : / e a r s .  
Eirhei-  poor  q u a l i t y  c o n t r o l  w a s  e x e r c i s e d  d u r i n g  t a g g i n g  o r  s x a m i n a t i o n ;  o r  
Sliskin R i v e r  Dolly Varden e x h i b i t  a d i p o s e  f i n  r e g e n e r a t i o n ;  o r  chese  f i s h  can 
p o s s e s s  a n a c u r a l l y  d i s f i g u r e d  f i n  as e v i d e n c e d  by a t  l e a s t  3 f i s h  found Ehis 
y e a r  i n  l e n g t h  g r o u p s  e x t r e m e l y  u n l i k e l y  t o  have  b e e n  p a r t  o f  t h e  1989 a d i p o s e  
€ i n  c l i p  s a m p l e .  V e n t r a l  c l i p s ,  on t h e  o t h e r  h a n d ,  a re  e a s i e r  t o  d e t e c t .  The 
f i n  is c l i p p e d  a t  t h e  bone and does  n o t  r e g e n e r a t e .  T h e r e f o r e ,  t h e  t a g  l o s s  
s s t i m a t e  o f  1 . 8 2 %  from t h e  l e f t  v e n t r a l  c l i p  w a s  u s e d  i n  a l l  a n a l y s e s .  T h i s  
lexrel o f  cag  l o s s  w a s  c o n s i d e r e d  i n s i g n i f i c a n t  and  I would c o n c l u d e  t h a t  t h e  
J o 1 1 v - S e b e r  a s s u m p t i o n  t h a t  f i s h  d i d  n o t  l o s e  t h e i r  marks was s u f f i c i s n t l y  
!ne t . 

A t  t h z  p r z s a n t ,  w e i r  d a t a  p r i o r  t o  t h e  1990 s e a s o n  c a n n o t  be u s e d  i n  
c o n j u n c r i o n  w i t h  1990 - 9 2  d a t a  f o r  a n a l y s i s  b e c a u s e  i t  was n o t  p o s s i b l e  t o  
u s e  t h e  p r o b i t  a n a l y s i s  model .  The J o l l y - S e b e r  abundance  e s t i m a t e  f o r  1931 
was s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  w e i r  c o u n t  o f  3 0 , 7 2 5  i n  L99L (Vhalen 1 9 9 2 ) .  

- 3 8 -  



Also, differences between survival rates calculated from recaptures at the 
weir and the Jolly-Seber estimates imply that there was a portion of the 
recaptures that actually may have been alive but were not seen at the weir. 
Six explanations are possible. First, Dolly Varden may remain in Buskin Lake 
during the time of weir operation, second and third, Dolly Varden may leave 
Buskin Lake before or after weir operation. Fourth, these fish may overwinter 
in another freshwater system other than Buskin Lake. Fifth, some Dolly Varden 
may overwinter in marine waters. Finally, it is possible that the Jolly-Seber 
estimate is biased and the conclusions made above in error. 

Ericksen and Marshall (1991) discovered Dolly Varden of all sizes staging in 
Chilkat Lake, Haines after the emigration. No surveys in Buskin Lake during 
the summer months were performed. It is not believed that Dolly Varden leave 
Buskin Lake before or after weir operation because weir counts at the 
beginning and end of the weir operation were very low. Sonnichsen et al. ( I n  
p r e p )  concluded that these fish were not overwintering in freshwater systems 
outside of Chiniak Bay. Over 31,000 Dolly Varden were tagged during this 
study within and outside the Chiniak Bay area and no Dolly Varden were 
recaptured in nearby Pasagshak, Saltery, or Afognak rivers during extensive 
tagging efforts. Bias of the Jolly-Seber estimates is possible, but the 
survival estimate of 29% is closer to the survival estimate of 23.5% reported 
by Armstrong and Morrow (1980) than the weir estimates of survival of 6% for 
1991. 

I conclude that Dolly Varden are either remaining in Buskin Lake through the 
summer, or staying in marine waters throughout the winter. Fur the r 
investigation is needed to fully assess where these fish are located. I 
recommend a gill net survey on Buskin Lake during the summer. 

The close  agreement^ between estimates of abundance from the Jolly-Seber and 
Petersen models for the American River spawning population indicates that this 
stock of Do1l.y Varden annually returns to the American River to spawn. 

Future goals of this project are to continue with the Jolly-Seber estimation 
procedure on the Buskin River so that precision in the estimates can be 
improved. A l s o ,  since only one abundance estimate was produced with the 1990 
t o  1992 data, further years of Jolly-Seber estimates would determine if Dolly 
Varden are consistently being missed at the weir. 
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